Background and Purpose-Increased mean platelet volume (MPV), indicating higher platelet reactivity, is associated with an increased risk of myocardial infarction. Higher levels of MPV have been found in patients with acute ischemic stroke than in control subjects. Data from smaller studies regarding an association between MPV and stroke severity and outcome have been controversial. If such an association exists, MPV might help to identify patients at increased risk of a severe course of acute cerebrovascular disease. Methods-Within a multicenter, cross-sectional study nested in a cohort, we analyzed the relation between MPV and stroke severity as determined by the modified Rankin Scale after 1 week in 776 patients with acute ischemic stroke or transient ischemic attack. By multivariate logistic regression modeling, we determined the influence of MPV on stroke severity, adjusting for potential confounding factors. Results-Patients within the highest quintile of MPV had a significantly higher risk of suffering a severe stroke, defined as modified Rankin Scale score of 3 to 6, compared with patients within the lowest quintile (odds ratioϭ2.6; 95% confidence interval, 1.6 to 4.1; PϽ0.001). This association remained significant after adjustment for possible confounding factors (odds ratioϭ2.2; 95% confidence interval, 1.2 to 4.0; Pϭ0.013). Conclusions-Our results indicate that an elevated MPV is associated with a worse outcome for acute ischemic cerebrovascular events independent of other clinical parameters.
P
latelets play a crucial role in the pathogenesis of atherosclerotic complications, contributing to thrombus formation or apposition after plaque rupture. 1 Mean platelet volume (MPV) is a marker of platelet function, ie, large platelets contain more dense granules and produce more thromboxane A 2 . Increased MPV has been associated with greater in vitro aggregation in response to ADP and collagen. 2 Elevated MPV levels have been identified as an independent risk factor for myocardial infarction in patients with coronary heart disease 3 and for death or recurrent vascular events after myocardial infarction. 4 Moreover, increased platelet size has been reported in patients with vascular risk factors such as diabetes, 5 hypercholesterolemia, 6 and smoking 7 and in patients with renal artery stenosis. 8 Previous studies have demonstrated higher levels of MPV in patients with acute ischemic stroke than in control subjects. 9 -11 In contrast, data regarding the association between MPV and stroke severity or stroke outcome have been controversial. 10, 11 The aim of our study was to investigate whether MPV is associated with the severity and outcome of acute ischemic cerebrovascular events in a large white population of systematically documented patients.
Subjects and Methods
We performed a cross-sectional study nested in a prospective stroke registry of patients admitted to 8 neurological departments in Vienna, Austria. Patients with stroke or transient ischemic attack (TIA) who were admitted to 1 of the participating centers between October 1998 and June 2001 were prospectively documented. 12, 13 During that period, 2400 patients with an acute TIA/ischemic stroke were admitted to 1 of the participating centers. A total of 1078 patients from 3 centers in which MPV was not routinely determined were excluded. Of the remaining 1322 patients, MPV was determined on admission in 846 cases (64%), whereas in the other 476 patients (36%), MPV was not determined on admission. The modified Rankin Scale (mRS) was available in 776 (92%) of those patients with an MPV value on admission. We compared patients with an MPV value on admission and patients without an MPV value on admission with respect to age, sex, and stroke severity, and we found no significant differences between these groups (ie, [1] we compared the patients with an MPV value on admission [nϭ846] with the entire other group [nϭ1554], including the patients from those departments in which an MPV was not determined, and [2] we compared the patients with an MPV value on admission [nϭ846] with the patients without an MPV value on admission from those departments in which MPV was eventually determined [nϭ476]).
The mRS score 1 week after the event of the patient group included in our study was classified as independent (score 0 to 2) or dependent/dead (score 3 to 6).
All patients underwent cranial CT or MRI, laboratory investigations for vascular risk factors, duplex sonography of the carotid and vertebral arteries, and a thorough cardiac investigation. Stroke etiology was classified according to predefined criteria into largevessel disease, small-vessel disease, cardioembolism, and undetermined. 12 EDTA blood samples, drawn at admission, were analyzed by flow cytometry in automated hematology analysis systems (Sysmex 5000, Sysmex XE-2100, Sysmex SE 9500/SE 9000, Beckman Coulter GenS). The samples were processed within a maximum of 2 hours after venipuncture (in most cases within Ͻ1 hour). During the time between venipuncture and processing, the samples were stored at room temperature. The same blood tubes were used in all departments. Daily quality controls showed an intraassay coefficient of variation of 2.5% and interassay coefficient of variation of 3.0%.
All patients had given informed consent to participate in the study. Permission for the study was obtained by the local ethics committees.
Statistical Analysis
Statistical analyses were performed with the 2 test for binary and categorical data and the Mann-Whitney U test for continuous variables. The severity of the cerebrovascular event was classified according to the mRS score at 1 week as mild (mRS score 0 to 2: no or only mild neurological symptoms) and moderate/severe (mRS score 3 to 6: moderate or severe disability/death) as previously described. 10 Associations between stroke severity and MPV and clinical parameters were first tested univariately. Multivariate analysis was performed by binary logistic regression analysis, which allows adjustment for confounding factors. We included all variables that were at least weakly associated with stroke severity (PϽ0.2 in univariate analyses). The Nagelkerke pseudo R 2 was used to assess the variability explained by each model. The Hosmer-Lemeshow 2 test was used to assess the model fit.
Results
Patients with a severe stroke were significantly older, were more often female, had a prior history of stroke or TIA more often, and showed a higher white blood cell count on admission than patients with a mild stroke. Furthermore, patients with mRS score 3 to 6 more often suffered atrial fibrillation and, probably as a consequence of this, cardioembolic stroke.
Three hundred seventy-seven (49%) of the 776 patients were taking antihypertensive drugs before admission; 210 (27%) were taking aspirin; 31 (4%) were taking clopidogrel; 12 (1.5%) were taking aspirin/extended-release dipyridamole; 37 (5%) were on oral anticoagulation; and 111 (14%) were taking lipid-lowering medication. There was no significant association between use of antiplatelet drugs before admission and stroke severity (Table 1) .
We observed a slight but significant negative correlation between MPV and median platelet count (analysis at time of admission; rϭϪ0.262, PϽ0.001) and with blood glucose on admission (rϭ0.125; Pϭ0.001). Platelet count was not significantly associated with stroke severity. Blood glucose levels on admission were available in only 711 of 776 patients. However, we also performed multivariate logistic regression including blood glucose levels, which did not influence the association between MPV on admission and stroke severity. We did not find significant correlations between MPV on admission and serum cholesterol, triglyceride, serum creatinine, sodium, potassium, leukocyte count, and C-reactive protein levels on admission.
Patients with a severe stroke had significantly more often MPV on admission in the highest quintile (Table 2 ; Pϭ0.002). Compared with patients with MPV in the lowest quintile, those within the highest quintile had a 2.6-times unadjusted risk of suffering a severe stroke (95% CI, 1.6 to 4.1; PϽ0.001).
After we controlled for all factors associated with stroke severity (PϽ0.2) in the logistic regression model, the association between MPV in the highest quintile and a worse outcome was still significant ( Table 3) .
The MPV values in the department with the Coulter analyzer (nϭ132) were significantly lower than those in the other departments (nϭ644). Therefore, we adjusted for different departments in the multivariate analysis, which had no effect on the association between MPV and stroke severity (Table 3) . Adjustment with regard to the MPV measurement method gave similar results. To further confirm our results, we also performed an analysis with method-specific MPV quintiles, which gave similar and significant results with regard to the association between MPV and stroke severity.
We also sought to determine a possible association between MPV and outcome 3 months after the event. However, the mRS after 3 months was available in only 455 of the 776 patients (59%). After we controlled for age and sex, MPV was associated with a worse outcome (mRS score 3 to 6) in this subgroup of patients in a logistic regression model (odds ratioϭ2.2; 95% CI, 1.1 to 4.5; Pϭ0.029).
Discussion
In this study increased MPV was associated with a worse outcome in patients suffering an acute ischemic cerebrovascular event. Patients within the highest quintile of MPV had a Ͼ2-fold risk of suffering a severe stroke compared with patients within the lowest quintile. The association of high MPV with severe stroke remained significant after adjustment for confounding factors.
Currently available studies report controversial results regarding MPV and stroke outcome. Recently, Butterworth and Bath 11 described increased platelet size in patients with worse stroke outcome after 3 months, whereas 2 earlier studies 9,10 did not find any significant relation between MPV and stroke outcome. Possible reasons for these divergent results could be small numbers of patients and the use of different outcome measures in these studies.
One might argue that increased MPV and higher platelet reactivity simply reflect a marker for a more severe stroke event and a more pronounced acute-phase reaction. In the Vienna Stroke Registry, only patients who were submitted to the center a maximum of 72 hours after symptom onset were included. For the present data we included only patients whose MPV was determined on admission. Given the average life span of a platelet of 8 days, 2, 10 it is unlikely that the platelet size at the time of measurement was affected by the acute vascular event. More likely, our results suggest that patients who then suffered a severe stroke already had an increased MPV, reflecting higher platelet reactivity, before the stroke occurred.
Platelet size is determined at the level of the progenitor cell (ie, the megakaryocyte), and recent studies reported that cytokines such as interleukin-3 or interleukin-6 influence megakaryocyte ploidy and can lead to the production of more reactive, larger platelets. 5, 14, 15 It is therefore reasonable to speculate that a proinflammatory state before the cerebrovascular event may confer a higher MPV and a prothrombotic condition.
Previous studies reported that MPV values increase because of platelet swelling when EDTA is used as anticoagulant; 16, 17 however, a recent study demonstrated that this increase of platelet size amounts to approximately Ͻ0.5 fL when the analysis is performed within 2 hours after venipuncture. 3 Probably the reported platelet swelling in EDTA was due to different amounts of EDTA in the blood tubes. In our study every participating hospital used the same standardized blood tubes, and all blood samples were analyzed within 2 hours after blood sampling.
Little is known about effects of various drugs on platelet size. Previous in vitro studies found no effect of aspirin on platelet size. 18, 19 However, it was shown that clopidogrel significantly inhibits the ADP-induced increase in MPV in vitro. 20 Clinical data on a possible association of MPV with various platelet inhibitors in patients do not exist. Furthermore, previous studies reported effects of losartan, 21 doxazosin, 22 and lipid-lowering drugs 23 on platelet size in vitro. Interestingly, in our study patients with prior aspirin medication had significantly higher MPV values, possibly because of a higher vascular premorbidity (data not shown). Unfortunately, there were too few patients treated with other prior antiplatelet medications to achieve sufficient statistical power for a meaningful analysis. Whether patients with an increased MPV represent a subgroup with a particularly high risk of cerebrovascular events and whether targeted interventions with platelet inhibitors or other drugs, such as antihypertensives or lipid-lowering agents, might be beneficial in such patients remain to be evaluated. We describe for the first time a relation between MPV and clinical severity of acute ischemic cerebrovascular events using a validated outcome scale in a large, multicenter evaluation. Measurement of MPV is easy to establish and therefore might serve as a valuable predictor of a worse outcome in patients with acute ischemic cerebrovascular events. Prospective studies investigating the effects of various drugs, including non-antiplatelet drugs (eg, statins, angiotensin II antagonists), in acute stroke on platelet size and reactivity and treatment effect should follow.
